Introduction
Glioma is the most common primary tumor of the central nervous system, accounting for about 40% of all intracranial tumors. Particularly, the annual incidence rate of malignant glioma is about 3-8/100,000 population [1, 2] . To date, the etiology or pathogenesis of glioma remains unclear. Glioma is usually accompanied by overexpression of one or more related oncogenes. In addition, it may also be associated with mutation and deletion of some anti-oncogenes. A variety of genetic factors synergistically induce abnormalities in cellular signaling pathways, and tumor cells undergo autonomous invasion and proliferation after escaping from the normal growth regulatory system, thus producing relevant malignant phenotypes [3] . Recently, miR99a has been reported to predominantly control the onset and progression of many cancers including tongue squamous cell carcinoma, lung cancer, kidney cancer, bladder cancer, ovarian cancer, hepatocellular carcinoma, pediatric adrenal carcinoma, and prostate cancer [4] . For example, Zhang et al. [5] found in 152 primary hepatocellular carcinoma samples that 111 cases (73.03%) had significantly lower miR-99a expressions than those of normal subjects, which were correlated with low tumor differentiation, liver cirrhosis, tumor-free survival rate and overall survival rate. By performing RT-PCR, Feng et al. [6] found that miR-99a was lowly expressed in 7 bladder cancer cell lines and 100 bladder cancer tissue samples. Meanwhile, low miR-99a expression was correlated with the aggressive phenotype of bladder cancer, whereas miR-99a overexpression significantly inhibited the growth of tumor cells and arrested them in the G1/S phase. Moreover, the plasma of patients with bladder cancer also had low miR-99a expression.
It has been confirmed that [7, 8] miR-99a, as an anti-oncogene, was down-regulated in a variety of tumors, thus participating in the proliferation, differentiation, apoptosis and other growth regulatory processes of tumor cells. However, the role of miR-99a in glioma has seldom been referred. Only Parker et al. [9] have reported that glioma had high miR-99a expression level. However, a carcinogenic fusion gene FGFR3-TACC3 formed in glioma, which induced the deletion of 3'-UTR from FGFR3 gene, hindering miR-99a from exerting regulatory effects. To date, how miR-99a regulates glioma cells has never been studied.
Lentiviral vector is a gene vector derived from HIV-1 research. It has many advantages, such as broad spectrum of infection, effective infection of both dividing and resting cells, and long-term stable expressions of exogenous genes. Currently, lentivirus systems have been widely applied in the gene overexpression, RNA interference and miR studies of various tumor cell lines as well as in vivo animal experiments. To evaluate the effects of miR-99a on the growth phenotype of glioma cells, we explored its roles in the proliferation and migration of glioma cell line LN229 through gene up-regulation and knock-down.
Materials and methods

Glioma cell line
Glioma cell line LN229 was purchased from the cell bank of Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (China). Cell identification, authentication, and mycoplasma testing were performed by an expert in the Department of Oncology of our hospital.
Materials DMEM, penicillin, streptomycin, 10% fetal bovine serum (FBS), Lipofectamine TM 2000 reagent, and 0.25% trypsin were purchased from Gibco (USA). All lentiviruses were designed and synthesized by Shanghai GenePharma Co., Ltd. (China), and LV3 was used as the interference vector. Sequences for nonsense control vector LV3NC: 5′-TTCTCCGAACGTGTCACGT-3′; has-miR-99a mimics: 5′-AACCCGTAGATC-CGATCTTGTG-3′; has-miR-99a inhibitor: 5′-CACAAGATCGGATCTACGGGTT-3′. HasmiR-99a inhibitor blocked the translation of miR-99a mRNA by binding its 3' untranslated region through complete or incomplete base pairing, thereby inhibiting the expression of miR-99a. On the other hand, has-miR-99a mimics was mainly added at the upstream of miR99a to markedly promote its transcription and translation, finally inducing overexpression.
Cell culture LN229 cells were added in DMEM containing 10% FBS, 1% penicillin and 1% streptomycin, and cultured in an incubator at 37°C with 5% CO 2 and saturated humidity. When the confluence reached about 85%, the cells were passaged.
Cell transfection LN229 cells were digested, counted, incubated in 6-well plates at a density of 2.5´10 5 cells/well and cultured in an incubator at 37°C with 5% CO 2 and saturated humidity. When the confluence reached 80%-90%, the cells were transfected with has-miR-99a mimics or hasmiR-99a inhibitor according to the instructions of Lipofectamine TM 2000 reagent. After the transfected cells were cultured for 4 h, the medium was replaced with complete culture medium, and the cells with stable gene up-regulation or knock-down were obtained through puromycin screening and passage. The miR-99a expression in cells emitting green fluorescence was observed under a fluorescence microscope.
Real-time PCR
Stably transfected LN229 cells were suspended, centrifuged, and transferred to a clean 1.5 ml EP tube by a micropipette. Then 1 ml of Trizol reagent was added to digest the cells at low temperature for about 10 min. Afterwards, 0.2 ml of chloroform solution was added, and the EP tube was sealed and vigorously shaken for 15-30 s, left still for 2-3 min, and centrifuged at 4°C and 12000 ´g for 15 min. The upper layer was transferred to another clean 1.5 ml EP tube, added 0.5 ml of isopropanol, mixed and left still on ice for 10 min. The solution was centrifuged at 4°C and 12000 ´g for 15 min, and the precipitate was collected as RNA sample. The RNA sample was thereafter dissolved by adding 20 μl of DEPC-water and stored in a -80°C refrigerator. Subsequently, the RNA sample (0.05 mg) was subjected to reverse transcription by using TaqMan MicroRNA reverse transcription kit (Applied Biosystems, USA). Real-time PCR was conducted with 7500 FAST real-time PCR system (Applied Biosystems, USA) and TaqMan universal PCR master mix (Applied Biosystems, USA). The results were corrected by U6RNA internal reference, and the relative expression of miR-99a was expressed as 2 Detection of cell proliferation by MTT assay MTT assay was employed to test the cell viability. MTT solution (5 mg/ml) was prepared by using PBS or normal saline. LN229 cells (hsamiR-99a mimics group, hsa-miR-99a inhibitor group and NC group) were digested and counted, and the density was adjusted to 1.5×10 5 
Detection of cell migration by scratch assay LN229 cells (hsa-miR-99a mimics group, hsa-miR-99a inhibitor group and NC group) were cultured for 24 h, digested with trypsin, and then pipetted into a single cell suspension, with the density adjusted to 4×10 5 /ml. The cells were seeded in 6-well plates, 2 ml per well. When the confluence reached 80-90%, a 10 μl pipette tip was used to make straight lines evenly in the 6-well plates, and the detached cells were washed off with PBS. Afterwards, the remaining cells were cultured in medium containing 1% serum. Three independent experiments were performed for each group. Five visual fields in the scratched region were randomly selected and photographed under a microscope (100´) at 0 and 24 h respectively. The width or acellular area of scratch at each time point was analyzed by Image J software.
Statistical analysis
All data were analyzed by GraphPad 5.0 software. All experiments were performed in triplicate, and the results were expressed as mean ± standard deviation. P<0.05 was considered statistically significant.
Results
Construction of glioma cells with stable miR-99a up-regulation or knock-down
Forty-eight hours after transfection with hsa-miR-99a mimics or hsa-miR-99a inhibitor, the cells with positive expressions emitted green fluorescence. As suggested by the fluorescence intensity, miR-99a expression was significantly up-regulated in the hsa-miR-99a mimics group but significantly down-regulated in the hsamiR-99a inhibitor group compared with that of the NC group (Figure 1) . Consistently, RT-PCR showed significantly higher miR-99a expression in the hsa-miR-99a mimics group but significantly lower expression in the hsa-miR-99a inhibitor group than that of the NC group (Figure 2) .
Therefore, LN229 cells with stable up-regulation and knock-down of miR-99a had been successfully constructed.
Cell proliferation detected by MTT assay
MTT assay was used to detect cell proliferation inhibition through measuring the absorbance of formazan dissolved by adding dimethyl sulfoxide to indirectly reflect cell number. Uncontrollable cell proliferation is one of the important malignant phenotypes of glioma. The MTT assay showed that with increasing time of transfection (0 h, 24 h, 48 h, 72 h, 96 h, 120 h), the absorbance gradually rose (Figure 3) . Compared with the NC group at 72 h and 96 h [(0.66±0.11) and (1.07±0. 19 ) respectively], the hsa-miR-99a inhibitor group had significantly higher absorbances [(1.26±0.15) and (1.56±0.16) respectively] (P<0.05). At 24 h, the growth of the hsamiR-99a mimics group was significantly inhibited compared with that of the NC group, which became more obvious with prolonged time. In contrast, the hsa-miR-99a inhibitor group grew significantly faster than the NC group did. Collectively, up-regulating miR-99a inhibited the proliferation of glioma cells, but knocking this gene down promoted their proliferation.
Cell migration detected by scratch assay
The migration capacity of tumor cells is a crucial index reflecting malignant phenotypes, which was herein detected by the scratch assay. As evidenced by the width or acellular area of scratch at 0 h and 24 h, the migration capacities of hsa-miR-99a mimics and hsa-miR-99a inhibitor groups significantly decreased and increased respectively compared with that of the NC group (Figure 4) . Taken together, up-regulating miR99a suppressed the migration of glioma cells, whereas knocking this gene down facilitated their migration.
Discussion
With a morbidity rate of approximately 5-8/0.1 million, malignant gliomas are refractory and prone to relapse due to invasive growth [10] . At present, intracranial malignant gliomas are mainly treated by surgeries alone or in combination with radiotherapy and chemotherapy when necessary. However, glioma tissues, especially glioblastoma ones, can hardly be differentiated from surrounding normal tissues only by surgeries owing to high invasion and migration capacities, leading to high recurrence rate [11] . Moreover, tumor cells cannot be specifically killed by chemotherapy or radiotherapy, also inducing a series of toxic side reactions. Thus, the prognosis is often poor, which requires study on the biological processes of glioma progression and development of novel therapies in order to prolong the survival of patients and to improve the treatment outcomes [12, 13] . Recently, gene therapy has been employed to treat gliomas. By using human menstrual blood-derived MSCs as a gene delivery vehicle, Wang et al. developed an effective adenoviral serotype 35 transduction system which targeted the delivery of secretable trimeric TRAIL to glioma sites specifically [14] . Also, Portnow et al. treated recurrent high-grade glioma patients through intracranial administration of human neural stem cells stably expressing cytosine deaminase, with effective and stable outcomes [15] . Notably, miRNAs have been involved in modulating the apoptosis and autophagy of malignant glioma, providing new potential therapeutic targets [16] . In mammals, microRNA regulates gene expression by degrading target mRNA and suppressing the translation process through base-pairing with the 3'-untranslated region [17] . Particularly, miR-99a is a welldocumented anti-oncogene. Yu et al. found that miR-99a played a crucial role in the tumorigenesis of non-small cell lung cancer, probably as a therapeutic target for preventing the metastasis of tumor cells [18] . By suppressing E2F2 and EMR2, miR-99a has been reported to inhibit the in vivo epithelial-to-mesenchymal transition of epithelial cells, accompanied by decreased number of cancer stem cells [19] . Nevertheless, the relationship of miR-99a with glioma is still largely unknown. Thereby motivated, we herein constructed LN229 cells with stable up-regulation or knock-down of miR-99a, and studied the changes of their proliferation and migration.
It has recently been reported that miR-99a may regulate tumor cell proliferation through mTOR, AKT1 and FGFR3 [20] [21] [22] , but detailed studies on the mechanisms of action remain lacking. In this study, MTT assay showed that up-regulating miR-99a inhibited the proliferation of glioma cells, but knocking it down promoted their proliferation. Additionally, scratch assay exhibited that up-regulation of miR-99a suppressed the migration of glioma cells, whereas knock-down of this gene facilitated their migration. Similarly, Zhang et al. detected miR99a expression levels in glioma tissues by using quantitative real-time PCR [23] , which significantly reduced and were closely associated with tumor stage, further verifying that miR-99a was a feasible target for glioma therapy. In summary, up-regulating miR-99a attenuated the proliferation and migration capacities of glioma cells LN229, whereas knocking it down enhanced their proliferation and migration. Hence, miR-99a indeed significantly affected the proliferation and migration capacities of glioma cells, as a potentially eligible therapeutic target for this tumor. Nevertheless, this study still has some limitations. First, we only selected one type of glioma cell line (LN229), and thus will test more cell lines to validate these results. Second, further experiments using animals and human subjects are needed to prove the effects of miR-99a on the migration and proliferation of glioma cells.
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